Why do some amphibian organs regenerate and others do not? And why do most mammalian organs not regenerate? New work on lens regeneration indicates that the answer lies in the need for cells to dedifferentiate first, and that what makes them dedifferentiate may be the presence of thrombin in combination with cellular clotting factors.
of the blastema, a conical shaped mound of cells which will replace all the missing parts of the limb. Clearly, some factor in the blastemal environment tells the myotubes -and the other cell types, such as cartilage and connective tissue -to do this, and the factor may be present in serum because re-entry to the cell cycle can be recapitulated in culture by simply adding serum [5] . The only mammalian muscle cells that behave like this are those from the retinoblastoma knockout mouse [6] . The Rb protein normally binds to the E2F family of transcription factors to prevent the transcription of genes which are required for entry into S phase of the cell cycle. In the absence of Rb, cellcycle progression would thus not be inhibited. In normal cells that can divide, the Rb protein becomes phosphorylated and dissociates from E2F, thus allowing cell-cycle progression, and this occurs in newt myotubes in culture.
The nuclear event permitting myotube dedifferentiation thus involves Rb phosphorylation. But what is the signal in serum which starts it all off? It had previously been found that none of the known growth factors would stimulate cell cycle re-entry, but after fractionating serum, a thrombin fraction contained two activities, one of which was thrombin and the other a proteolytic product of thrombin [7] . Thrombin is not a direct-acting factor on the cells, because compounds that activate the thrombin receptor are not active in stimulating cell cycle re-entry of newt myotubes; so thrombin first needs to be activated by proteolysis to make the second product found in fractionated serum. Another coagulation factor, plasmin, also induced cell-cycle reentry, so it seems that the initial event involves proteolysis of an as yet unidentified serum componentcalled thrombin-derived activity (TDA) in Figure 1 -by either of these two coagulation factors. Does this happen in vivo, however? The answer seems to be yes because thrombin can be detected in the blastema after limb amputation in newts, and it is not just present immediately after amputation, when the blood is clotting, but is still high one week after amputation, when dedifferentiation and cell-cycle re-entry are occurring. And the most surprising result is reported in the recent work of Imokawa and Brockes [3] : they have found that thrombin activation can be detected at the dorsal margin of the iris, from where the new lens will regenerate, but not at the ventral margin which cannot regenerate the lens. When inhibitors of thrombin activity were injected into the eye, the dorsal iris cells did not enter S phase and lens regeneration was inhibited, providing crucial evidence for the vital role of thrombin. Furthermore, the closely related Urodele, the axolotl, which can regenerate limbs but not lenses, did not activate thrombin in the eye after iris removal, but did activate thrombin in the limb.
So does this mean all we have to do is to throw thrombin onto mammalian limbs and they will regenerate? Unfortunately no, because all vertebrate sera contain thrombin and there must be something special about the Urodele myotubes or dorsal iris cells in addition to the presence of thrombin. Imokawa and Brockes [3] suggest this could be a cellular component like Tissue Factor, an integral membrane protein which nucleates the formation of clotting factors that together activate prothrombin (Figure 1) .
Although there is still much to be discovered, this recent work holds out great promise for uncovering the reason why some tissues and organs can regenerate and others cannot. It is very intriguing that blood-borne clotting factors are assuming a new prominence, because early on in the long history of limb regeneration several investigators suggested that the blood was the source of the blastemal cells. Lymphocytes and/or macrophages were observed transforming into 'polyblasts' and fibroblasts [8, 9] . It now seems, however, that it is the non-cellular part of the blood which is of crucial importance for regeneration. 
